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ABSTRACT: 

The AB2 type Laves phase hydrogen absorbing alloys are being investigated as suitable 
electrode materials for Ni-MH batteries, because of their higher electrochemical capacity. 
The electrochemical properties like electrode potential, reversible electrochemical 
capacity and dii'fusion cocrficient as n function nf state of charge in the Y&., 
Mn,Fe,Co,V,Cr,(m+n+o+p+q=2) electrodes were investigated in an alkaline solution. 
The reversible electrochemical capacity of the electrode was found to be in excess of 450 
mAh/g and hydrogen concentration was estimated as 3.5 hydrogens/formula unit. The 
process that occur in the electrode during charge and discharge, has been studied by 
Cyclic Voltammogram(CV) experiments, carried out at different sweep rates. It was 
found that at low sweep rates, the hydrogen concentration on the surface increases due to 
longer polarisation and the hydrogen concentration approaches a value which favours a 
metal hydride formation. The diffusion coefficients were also evaluated with respect to 
state of charge. The results will be presented in the paper. 

INTRODUCTION: 

AB2 hydrogen storage alloys are promising for negative electrodes in Ni-MH batteries for 
their higher discharge capacities and better resistance to oxidation than those of ABS 
alloys/l,2]. As AB2 type multiphase hydrogen storage alloys are mainly composed of 
C14, C15 Laves phase, and some solid solutions with bcc structure, there exist abundant 
boundaries, with enriched electrochemically catalytic elements as active reaction sites 
and diffusion pipes for transporting reactants and products. However, the activation and 
electro-catalytic activity of the alloy electrode is still inferior to that of the MmNis based 
alloy [3]. The main reasons for the slow activation and low electro-catalytic activity are: 
an oxide layer is formed on the surface of the alloy grains, and this oxide layer is a bad 
electrical conductor, hence impedes the diffusion of hydrogen and absence of Ni content 
layer on these AB2 alloy surface results in a lower surface activity for hydrogen 
absorptioddesorption [4]. 

The hydrogen storage properties of the alloys, whether as an electrode or as a storage 
medium, are initially related to their composition and vary widely with small changes in 
the type and the amount of substituent elements[5]. Thus, depending on the battery use, it 
is possible to design the electrode characteristics by changing the alloy compositions. The 
choice of the material is based on the desirable metal-hydrogen bond strength for use as 
electrodes in aqueous media and an appreciable hydrogen storage capacity/partial 
substitution for both the A and B sites, dramatically improves the cycle lifetime and the 
electrochemical discharge capacity has been optimized by substituting various metals as 
partial constituents, and by moving the composition ratio from stoichiometry. This has 
resulted in the preparation of four or five component Laves phase hydrogen storage 
alloys with discharge capacities over 400 mAh/g[ 61. Knosp et al [7] have studied the 
Laves phase alloys of composition (Zr,Ti) (Ni,Mn,M), where M= Cr,V,Co,AI and x= 
1.9 to 2.1 with hexagonal C14 or cubic C15 structure in order to select the most suitable 
AB2 alloys as an active material for Ni-MH batteries . Kim et al [8] studied the hydrogen 
storage performance and electrochemical properties of ZrMnl.,V,Nil.4+y (x= 0.5,0.7; y = 
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0.0 to 0.6) and found that the major factor controlling the electrode properties was the 
specific reaction surface area and the exchange current density depending upon the 
composition, The maximum electrochemical capacity experimentally observed was found 
to be 338 mAh/g for ZrMno 5V0.5Ni1.4, and the discharge efficiency was found to be 85%. 
Hence fundamental studies on the chargeldischarge characteristics are required for 
improving the performance of a Ni-MH battery [9,10]. The present work focuses on 
elucidating the electrochemical properties like charge/discharge characteristics, diffusion 
coefficient etc., or an AB2 compound with the composition Y,Zrl., 
MnmFe,Co,V,Cr,(m+n+o+p+q=2) and the processes that occur during charge and 
discharge were also evaluated. 

EXPERIMENTAL: 

Hydrogen storage alloys of composition Y,Zrl., MnmFe,Co,V,Cr,(m+n+o+p+q=2) were 
prepared by arc melting in an argon atmosphere. The buttons were turned upside down 
and remelted 5 to 6 times in order to get good homogeneity and the alloy buttons were 
annealed at 900 K for about 3 days. The intermetallics were pulverizea mechanically 
into powders in an agate mortar. Structure and phase density of the sample was 
characterized by X-ray diffraction (XRD). The samples prepared had an overall AB2 
phase. 

For the electrochemical measurements, the electrodes were prepared by grinding the alloy 
into 75 p size and mixing it with copper powder in the ratio of 1 :3 with a PTFE binder. 
The putty form of the mixture was mechanically pressed onto a current collector m i  
mesh) at RT. Then the electrode was sintered at 300°C for about 3 hrs under vacuum. 
The geometric area of the electrode was about 2 cm2. The counter electrode was Pt, has a 
much larger geometric area than the WE. The electrolyte 31% KOH, which is the same 
as that used in the alkaline batteries, were prepared from reagent grade KOH and 
deionised water. The electrodes were tested for their charge-discharge characteristics, 
'initial capacity, cycle life and diffusion coefficient. The electrochemical measurements 
were carried out in a flooded electrolyte condition in open cells. Potentials were 
monitored using a saturated calomel as reference electrode. The electrochemical 
measurements include the diffusion coefficient as a function of state of charge and also 
the e~ectrochemicd~ processes that occur during charge/discharge. These measuremcnts 
were carried out using a EG & G galvanostatlpotentiostat Model 273, with the available 
techniques like chronopotentiometry, cyclic voltammetry and constant potential 
coulometry. 

RESULTS AND DISCUSSION: 

The electrochemical capacity of a hydride electrode depends on the amount of reversibly 
absorbed hydrogen in the hydriding material. Fig. 1 shows the chargeldischarge cunes of 
the electrode after 30 cycles. The electrode showed the highest electrochemical charging 
capacity of 470 mAh/g, which corresponds to a hydrogen concentration of 3.5 
hydrogens/formula unit. Hydrogen evolution was found to occur around -1.35V.This 
shows that the metal-hydrogen bond is not weak, and hence hydrogen can react with the 
alloy for hydride formation. However, if the bond is very strong, the metal hydride 
electrode is extensively oxidised, and cannot store hydrogen reversibly. The coulombic 
efficiency was found to be 85%, the charging potential and the discharging potential was 
around -0.9 and 4 . 5 V  respectively. The electrochemical charging capacity was found to 
be slightly lower when the electrode is charged at the 2C rate (80 mA) compared to the 
IC rate (40 mA) as shown in Fig 2. As already mentioned, the hlghest electrochemical 
capacity was observed only after 30 cycles and then the capacity remained constant for 
almost 100 cycles, as shown in Fig.3, which clearly reveals that degradation of the 
electrode material is very slow. 

To estimate the diffusion coefficient parameter D/a2, the following procedure was carried 
out. The alloy was fully activated by charging and discharging the electrode for about 30 
cycles. Then the electrodes with different states of charge were equilibrated until an 
equilibrium potential was reached. Initially, the activated electrode was discharged at 
constant potential at three different states of charge. In order to secure a zero 
concentration of hydrogen at the surface of each individual particle, the electrode was 
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discharged at a constant anodic potential of 4.56V(SCE). Discharge curves obtained for 
Seven different charged states are given in Fig. 4. For large times in Fig.4, an 
approximately a linear relationship exists between log (i) and t, which is consistent with 
the equation 

Lo&) = log((6FD(Co-C,)/da2}- (n2/2.303(D/a2)t ( 1 )  

Where CO is the concentration in the bulk of the alloy and a constant surface 
concentration Cs, f sign indicates the charge (-) and discharge (+) process [ I  I]. From the 
slope of the linear portion of the corresponding curves in Fig.4, the ratios of D/a2 were 
estimated. 

The diffusion coefficient may also be determined from the amount of charge transferred 
[12]. Assuming that the hydride alloy particles are in spherical form, the diffusion 
equation is, 

d(rc)/ at = D a2(rc)/ 3’ (2) 

where c is the concentration of hydrogen in the alloy, t is the time, D is an average(or 
integral) diffusion coefficient of hydrogen over a defined concentration range, and r is a 
distance from the centre of the sphere. Since the discharge process was carried out under 
a constant current condition, it is rcasonable to assume that a constant flux of the species 
at the surface and uniform initial concentration of hydrogen in the bulk of the alloy. Thus, 
the value of D/a2 may be evaluated for large transition times,r, 

D/a2= l/[l5{QO/l-r}] (3) 

Where Qo is the initial specific capacity (c/g), I is the current density (A/g) and ‘I is the 
transient time (s), ie the time required for the hydrogen surface concentration to become 
zero. The ratio Qo/I corresponds to the discharge time necessary to discharge completely 
the electrode under hypothetical conditions, when the process proceeds without the 
interference of diffusion. Thus D/a’ were calculated using the above equation for 
different states of charge and are given in Fig.5. As shown in Fig.5, the ratio of D/a2 is 
almost independent of the state of charge with an average value of 0.37 *IO-S s-l 
Assuming that the average particle radius is 15 pm, the effective diffusion coefficient of 
hydrogen through the Y,Zrl., Mn,Fe.Co,V,Cr,(m+n+o+p+q=2) electrode was estimated 
to be 8.32 * 1 0 l 2  cm2/s. This value is in consistent with the diffusion coefficient of 
hydrogen in Nickel alloys , which are in the range 20*10-’* to 56 * cm2/s estimated 
using a permeation technique[l3-15]. Fig 6 shows the cyclic voltammogram(CV) of an 
activated sample of the alloy after 5 cycles ranging from -0.6 tO -1.4 v vs SCE at various 
scanning rates. The definite peaks at potentials ranging from -0.9 to -1.2 v were 
observed and these adsorption peaks indicate that there are H atoms adsorbed on the 
surface due to the formation of the hydride. The counterparts responsible for the 
desorption of hydrogen from the alloys were also observed and are shown in Fig 7 in the 
range 4 . 1  to -0.6. At low sweep rates, the hydrogen concentration on the surface 
increases due to longer polarisation and the hydrogen concentration approaches a value 
for the hydride formation. 
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Fig I Charge-Discharge cbaracterirtm ofthe eleclrode at IC rate 
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I'ig. 2 Cipveily dipendrnce with dil'lesnt charging mtcs 

Fig. 3 Capacity varialion wilh Cgclc Nunlber Fig 4 Constant pntcnlial discharge cuwes si dilTercnt stater orcharge 
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Fig 5 Ikpcndence of Diffusion coellicicnl with 51ah ofcharge 
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Fig. 6 Cyclic Vollammogram(CV) d t h e  eleclrodc for obrarpiian a1 various wccp mer 
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Fig. 7 Cyclic Vollaminogram(CV) orthc electrode for dcrorptiun at snriws raccp r s t e ~  
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